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Description 

Background 

The skjn is the largest organ in the human booV and 5 
consists of two comppnente,,the epidermis.and the der- 
mis. The dermisjs a relatively- inert^structure^which con- 
sists of collagen,and other matrix matejiais. ; The f epider T: ■ 
mis ties above the dermis and is separated from it by a , . 
basement membrane. .^^r. , , - i<^- 1 9- 

The epidermis undergoes constant cell renewaland 
is regenerated approximately every 26 days. The major t , 
cellular constituent ot the epidermis is the keratinpcyte, 
which provides an environment for non-keratinocytes 
(e.g., melanocytes, Langerhans cells, Merkel cells and is 
various immunological cells) which also occur in the ep- 
idermis. Keratinocytes are cells which produce keratin, 
an insoluble fibrous protein, and are able to form a strat- 
ified squamous epithelia. Like other cells in the body, 
keratinocytes contain an entire complement of all genet- 20 
ic material. Only a small percentage of the genes con- 
tained in keratinocytes are, however, expressed at lev- 
els which are biologically functional; that is, most of the 
genes in keratinocytes are not expressed at all or are 
expressed at such low levels that the polypeptides they 25 
encode are produced in undetectable amounts or con- 
centrations which are biologically non-functional or in- 
significant. Like the epidermis, corneal epithelia and 
conjunctival epithelia are stratified. squamous epithelia 
and the predominant cell in each of these tissues is the so 
keratinocyte. Keratin is to a large degree responsible for 
the mechanical protective function of, the epidermis. In 
addition, the epidermis acts as a barrier layer, which pre- ,- ,, 
vents toxic.substances and microorganisms from enter- : 
ing the. skin and water and electrolytes, from being lost.., 3s 

The epidermis consists of two majpnlayers. Outer- 
most is the stratum come urn, which is a laminated layer 
of anucleate comified cells. Next is a succession of vi- 
able inner cell layers, referred to as the malpighian lay- 
ers from which the cornifted cells arise. The malpighian 40 
layers are the basal cell layer, the stratum spinosum and 
the stratum granulosum. The basal cell.layer, whicf) lies . . 
adjacent to the basement membrane, is the germ inative 
layer in which the majority of cell division occurs. The 
stratum spinosum is a layer of flattened nucleated cells 45 
having characteristic keratohyaline granules. The stra- 
tum granulosum lies between the stratum spinosum and 
the stratum corneum and is considered transitional be- 
tween the nucleated cells of the former and the anucle- 
ate cells of the tatter. so 

As the cells divide in the basal layer, they move up- 
ward and progress to the other epidermal layers, As they 
progress,. the. keratinocytes undergqchangeS' in shape 
and cytoplasmic vstructu re. These changes; result jn. the 
viable, metabolically active cells being transformed; into ... ss 
the anucleate, -cornified cellstpf the horny layenrthese - ■ 
ce I Is consist of keratin fi laments su rrou nded by a c rpss 
linked protein envelope. This progressive transforma- 



tion is referred to as keratinization. 

Epidermal cells, a re considered to occur in prolifer- 
ative units or columns. The base of each column is a 
group otbasal cells,, which are classified as peripheral 
or central according tp whether they lie beneath the per 
riphery or the .center .of ( the,.coJymn. The central ; basal 
cell dwides; some 1 : of ^the jgira_ujt;ijg daughters JnlymJcJi- 
vide andmoye to perjpheraLbasal portions. ^e^p^iph- . 
eral basal cells then progress up through the successive 
epidermal layers. Xhey are transformed into keratinized : , 
squamous cells, which ultimately flake off and ^re lost 
from the body. The central basal cells, however, are 
stem cells. Descendants of these stem cells will not die 
throughout the individual's, lifetime. These basal cells 
are immortal and. each time they ; divide, an immortal 
daughter cell results. The other daughter cells, as men- 
tioned, become differentiating ceils and are ultimately 
shed from the body. The, epidermis is one of only a few 
tissues in the body which undergo constant cell renewal; 
these include other epithelia, such as the lining of the 
small intestine, and bone marrow. 

It is possible, using methods developed in recent 
years to attain interspecies genetic recombination. 
Genes derived from totally different biological classes 
are able to replicate and be expressed in a selected mi- 
croorganism. Therefore, it is, possible Jo introduce into 
a microorganism, genes specifying a metabolic or syn- 
thetic function (e.g., hormone synthesis, protein synthe- 
sis, nitrogen^fixation) which is characteristic, of. other 
classes .of prganiems.by, linking the foreign genes to a 
particular viral, prplasmid replicon. 

Sincev;the J^ 1970s, prqgress ( has been made to-, 
ward the deyejppment d generai meth , 
ing cbned ; DN^ cells, v^tthe 

present.time,,hp^eyen p^SM')^^?^^^^^^ , 
method of Jntipducing^ genetic. material epithelial 
cells and enable tljem to express genetic materialiWhjch 
they dp not us ual ly vexpres^s.. .- : , f > ' ■ , y , . .. . . , , ■ . - 

The inyentip^^ based prUhe , in- 

traduction into epitheliaj I cells of f orejgn genetiCjmaterial 
or genetic material no} normally expressed in biological- 
ly significant^ 

provides transplantable epithelial ceils (e.g. keratinoc- 
ytes) which express foreign genetic material not normal- 
ly expressed byjhe cells at biologically significant levels. 

The foreign genetic material can be DNA or RNIA 
which does not occur naturally in epithelial cells: or DNA 
or RNA which, occurs : naturally in epithelial cells but is 
not normally expressed in them at levels which are bio- 
logically significant (i.e., levels sufficient to produce the 
normal, physiological effects -of .the. .polypeptide ^.en- 
codes). I n addition, epith e lia I cells, of the present inven- 
tion can express.genetic material encoding ,a dominant, 
selectable-marke; by which celjs expressing the foreign 
genetic material can be ^ identified.; , 

In particular^ ■ retroviral vectors , have been, used to 
incorporate the foreign genetic material and ^e genetic 
rraterialjenccding.the.selectable marker into epithelial 
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cells, particularly keratinocytes. It is also possible to in- 
troduce foreign genetic material into other epithelial 
cells, such as' cells of the cornea, the conjunctiva, the 
lining of the gastrointestinal tract, the lining of the vagi- 
na, arid the trachea and into bone marrow cells. Expfes- 5 
sion of these genes by the keratinocytes into which they 
have been incorporated has also been demonstrated. A 
method of using retroviral vectors which have recom- 
binant genomes to introduce the two type's of genetic 
material into epithelial cells is also a subject of the 
present invention. ' :i r rif v ' 

There are many advantages to transplantable epi- 
thelial cells of the present invention which make them 
very useful. For example, an epidermis having keratino- 
cytes of the present invention would actually synthesize 
the polypeptide (e.g., a hormone, enzyme, drug) encod- 
ed by the genetic material incorporated into it according 
to the present invention. The epidermis would thus 
serve as a continuous delivery system for that polypep- 
tide. In this way, the often-encountered problem of pa- 
tient compliance with a prescribed regimen would be 
avoided because the hormone or other polypeptide 
would be constantly diffused intothe bloodstream. In ad- 
dition, there is no need for extensive (and often expen- 
sive) purification of the polypeptide! Before an isolated 
polypeptide, such as insulin, can be injected into the 
body, it must be extensively purified and characterized. 
Using epithelia having keratinocytes modified according 
to the present invention, however, once the gene has 
been isolated, it can be introduced into the cells/ which 
will produce the polypeptide hormone as it would nor- 
mally be produced. (In the case of insulin, for example, 
as it would normally be produced in the pancreas:} v 

Another advantage to the use of a 'graft having' ke- 
ratinocytes of the present invention is that by controlling 
the size of the graft, the amount of the polypeptide de- 
livered to the body can be controlled'. ; lri addition,' be- 
cause it is a skin graft, it can be excised if there is no 
longer a need for the polypeptide being produced. For 
example, if delivery of the polypeptide (hormone, en- 
zyme, or drug) is necessary only for a specific period, 
the engineered graft can be removed when treatment is 
no longer needed. 

Another important advantage of the delivery system 
possible as a result of this invention is that because it is 
a continuous delivery system, the fact that polypeptide 
hormones have very short half lives is not a drawback. 
For example, the half life of HGH is about 19 minutes 
and in the case of native insulin (pure insulin) it is about 
3-4 minutes. 

Because genes can be introduced into keratinoc- 
ytes using a retroviral vector. they cari be "on" (subject 
to) the retroviral vector control; in such a case, the gene 
of interest is transcribed from a retroviral promoter A 
promoter is a specific nucleotide 1 sequence recognized 
by RNA polymerase molecules that 'start RNA synthe- 
sis. It is possible to make retroviral vectors having pro- 
moter elements (in addition to the promoter incorporat- 



ed in the recombinant retrovirus) which are responsible 
for the transcription of the gene. For example, it is pos- 
sible to make a construct in which there is an additional 
promoter modulated by an external factor or cue, and in 
turn to control the level of polypeptide being produced 
by the keratinocytes' by activating that external factor or 
cue. For example, heat shockproteins are proteins en- 
coded by genes in" which 'the"prbmoter is ' regulated by 
temperature. The promoter of the gene which encodes 
the metal -containing protein metallothionine is respon- 
sive to ji ed +v i6ns. Ihcbrpbratidn of this promoter or an- 
other promoter influenced by external cues also makes 
it possible to regulate the production of the polypeptide 
by the engineered keratinocytes. 

Brief Description of the Drawings 

Figure 1 is a schematic representation of a typical 
murine leukemia virus (retroviral) genome. 

Figure 2 is a schematic representation of a recom- 
binant retroviral genome into which the neo gene has 
been incorporated. 

Figure 3 is a block diagram of one embodiment of 
the method used to introduce a dominant selectable 
marker (the neo gene) into keratinocytes. 

Figure 4 is schematic representation of a recom- 
binant retroviral genome having the neo gene and a 
gene encoding human growth hormone (HGH). 

Figure 5 is a pictorial representation of one embod- 
iment of the procedure 'used to produce, 'detach and 
transplant an epithelial sheet in which the keratinocytes 
have foreign genetic material and genetic material en- 
coding a dominant selectable marker. * - . 

Figure 6 is a graph prepared according to Example 
4 representing the'quaritity of parathyroid hormone se- 
creted in the designated time periods. 

Detailed Description ' of the Invention 

It is possible to incorporate in transplantable epithe- 
lial cells foreign genetic material which can be ex- 
pressed in those cells. The foreign genetic material can 
be DNA or RNA which does not occur in epithelial cells; 
or DNA or RNA which occurs in epithelial cells but is not 
expressed in them at levels which are biologically sig- 
nificant (levels sufficient to produce the normal physio- 
logical effects of the polypeptide it encodes). In addition, 
transplantable epithelial bells of the present invention 
can express genetic material encoding a selectable 
marker by which cells expressing the foreign genetic 
material can be identified. >s 

For example/ foreign genetic material encoding a 
hormone can be introduced into keratinocytes by cbcul- 
tivatioh of the keratiribcytes'with a feeder layer produc- 
ing infectious virus in'which there is a recombinant ge-- 
nome^having'the foreign' genetic : material. The recom- 
binant genome can also have genetic material encoding 
a domiriant selectable marker. In particular, keratinoc- 
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ytes can be cocultivated with Psi am cells, which pro- 
duce infectious viruses in which there is a recombinant 
genome having genetic material encoding human 
growth hormone. As a result, it is possible to make ke- 
ratinocytes expressing the neo gene and the foreign ge- 
netic material encoding HGH; that is, as a result of this 
invention, it is possible to make >t keratinccytes express-, 
ing a dominant selectable marker and a polypeptide not 
normally expressed by such cells at biologically signifi- 
cant levels. 

Keratinocytes expressing the two .types of genetic 
material can be grown to confluence; removed as an ep- 
ithelial sheet from the culture vessel in which they were 
grown; and applied to the body. Thus applied, the epi- 
thelial sheet can provide a continuous eupply of the hor- 
mone, enzyme or drug made by the keratinocytes. It is 
possible to modify or regulate the amount of the hor- 
mone, enzyme or drug supplied in this way, for example, 
by using external cues or factors which affect their pro- 
duction; by controlling the size of the epithelial sheet ap- 
plied; or by removing the epithelial sheet. 

Cultured Epidermal Cells . 

Human keratinocytes can be cultivated in tissue cul- 
ture under carefully controlled conditions. Green and co- 
workers have developed techniques which make it-pos- 
sible to grow human epidermal cells or other keratinoc- 
ytes in cultures with fibroblast cells which have been 
treated to make them unable to multiply. The presence 
of fibroblast eel! products (supplied from medium har-, 
vested from fibroblast cultures) was.shown by Green et 
al. to be essential to support growth of .keratinocytes. 
Fibroblast cell density Is controlled la these cultures to, 
allow epidermal cell colony formation and growth. Using 
the methods developed by Green and co-workers,, it is 
possible to serially culture human , epidermal cells and 
greatly increase the number present in the primary cul- 
ture. These cocultivation methods are disclosed, in U.S. 
Patent No. 4,016,036 (1977); U.S. Patent No. 4^304,866 
(1981); Green, H. et al., Growth of cultured.human epj- 
dermal cells into multiple epithelia suitable for grafting, 
Proceedings of the National Academy of Sciences , 
USA, 76:5665-5668 (1979); Rheinwald, J.G. and H. 
Green, Epidermal growth factor and the multiplication of 
cultured human epidermal keratinocytes, Nature . 265 , 
421-424(1977), the teachings of which are incorporated 
herein by reference. 

Briefly, a specific procedure for the cultivation of ke- 
ratinocytes involves disaggregation of epidermis into 
keratinocytes by means of an enzyme (trypsin) and plat- 
ing of the cells pnto a Petri dish on which there is a feed- 
er layer of lethally irradiated fibroblast cells. The fibrob- 
last cells are able to attach to the dish and provide fac- 
tors necessary j for keratinocyte growth, but are , not 
themselves able toreplicate. The cocultivation is carried 
out in Dulbecco's modified Eagle's Media containing 
10% fetal calf serum, as well as adenine, cholera toxin, 



hydrocortisone, transferrin, insulin and epidermal 
growth factor. 

Individual keratinocytes cultivated in this way form 
colonies which expand and grow into larger colonies, 

5 which eventually fuse to form an epithelium. This epi- 
thelium has,. several important .characteristics . which 
mimic those of the human epidermjs. For. example, each 
colony initiated by a-eingle celj Lforms a 6tratified ( epjthe- 
lium. Cell division ocpurs jn aJayer of basal cells ^(thpse 

io adjacent to the bottom of , the dish). These f basa| cells 
are responsible fpr,^ ceils that 

leave the basal layer become terminally differentiated. 
In addition, there, are abundant keratin proteins present 
in the cultured cells. Epidermal cells cultured in this fash- 

*5 ion have the main cytological features of keratinocytes 
and the cells grown in culture are a reasonable approx- 
imation ol the epidermis. 

Green and co-workers have developed their proce- 
dures to the point where it is possible to start with a small 

so epidermal biopsy (about two cm 2 in size) and generate 
large amounts of cultured epithelium in a relatively short 
time. In about one month, it is possible to produce an 
epidermis which is approximately two meters square « 
or enough to cover the entire body surface. These cells 

25 have tremendous proliferative capacities in the labora- 
• tory and, because.they can be cultured so successfully, 
provide a system of . great .value.-. For example, cultured 
cells have, been used as autologous grafts in the treat- 
ment of patients with,severe bums. O'Connor, N.E., et 

30 al, Grafting of burn6 with cultured epithelium prepared 
from autologous epidermal cells, The . Lancet . 75-78 

... (1981).. . . , .,j^-v ; v.-'--'./,,.,' 
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Retroviral Vectors 



Retroviruses are RNA ; yiruse8; that is, the viral ge- 
nome is RNA. This r genomic RNA-is, however, reverse 
transcribed into a intermediate, which is integrated 
very efficiently; injpjthe chrornpspmal DNA of, infected 

40 cells. This integrated. DNA intermediate is referred ,to as 
a provirus.As shown in Figure 1, .the retroviral, genome 
, and the proviral DNA have tlyee genes: the egg, thepol 
and the env . which are flanked by two long terminal, re- , 
, peat (LTR) sequences. The ^ag gene encodes the.in- 

45 ternal structural (nucjeocapsid) proteins; the poj gene 
encodes the RNA-directed. DNA polymerase (reverse 
, transcriptase); and the env gene encodes viral envelope 
glycoproteins. The 5' and 3* LTRs serve to promote tran- 
scription and polyadenylation of virion RNAs. , 

50 Adjacent to the 5* LTFl are sequences necessary for 
reverse: transcript jpn of the genOTeJthe. tRNA primer 
binding site) and for efficientiencapsidatipn of yiral RNA 
into particles (the , pnRsi, site). Mulligan, .&C., Con- 
struction of . Highly Transmissible Mammal jan Cloning 

55 Vehicles Derived, from Murine Retroviruses, ^ .Experi- 
mental -iManlpulatlon ^of Gene .Expression : M. Inpuye 
(ed), 155^173 (1983); Mann,. R., Mulligan R.C. and Bal- 
timore, D., Construction of a retrovirus packaging mu- 
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tant and its use to produce helper-free defective retro- 
virus; Cell, 33:153-159 (1983); Williams, DA^et aL- In- 
troduction of new genetic material into pluripotent hae- 
matopoietic stem cells of the mouse, Nature . 310 : 
476-480(1984). 

If the sequences necessary for encapsidation (or 
packaging of retroviral RNA into infectious virions) are 
missing from the viral genome; the result i6 a cis defect 
which prevents encapsidation of genomic' RNA! The re- 
sulting mutant however, is still : capable of directing the 
synthesis of all virion proteins/Mulligan and co-wbrkers 
have described retroviral genomes from which these 
(Psi) sequences have been deleted, as well as cell lines 
containing the mutant stably integrated into the chromo- 
some. Mulligan, R.C., Construction of highly transmis- 
sible mammalian cloning vehicles derived from murine 
retroviruses, In: Experimental Manipulation of Gene Ex- 
pression , M. Inouyl (ed), 1 55-1 73 (1 983); Mann, R., Mul- 
ligan R:C. and Baltimore, D„ Construction of a retrovirus 
packaging mutant and its use to produce helper-free de- 
fective retrovirus, Cell , 33:153-159 (1983); Williams, D. 
A. et aL, Introduction of new genetic material into 
pluripotent haematopoietic stem cells of the mouse, Na- 
ture , 310:476-480 (1 984). The teachings of these pub- 
lications are incorporated herein by reference. 

The Psi 2 cell line described by Mulligan and co- 
workers was created by transfecting NIH 3T3 fibroblasts 
with pMOV-Psr, which is an ecotropic Moloney murine 
leukemia virus (Mo-MuLV) clone. pMOV-Psr expresses 
all the viral gene products but lacks a sequence (the or 
Psi sequence) necessary for encapsidation of the viral 
genome. pMOV-Psr expresses an ecotropic viral enve- 
lope glycoprotein which recognizes a receptor present 
only on mouse (and closely related rodent) cells. 

Another cell line is the NIH Psi am line, which are 
Psi-2-like packaging cell lines. These Psi-am cell lines 
contain a modified pMOV-Psi-genome in which the eco- 
tropic envelope glycoprotein has been replaced with en- 
velope sequences derived from the amphbtropic virus 
4070A. As a result, they are useful for production of re- 
combinant virus with amphotropic host range. The ret- 
rovirus used to make the Psi am cell line has a very 
broad mammalian host range (an amphotropic host 
range) and can be used to infect human cells. As long 
as the recombinant genome has the Psi packaging se- 
quence, the Psi-am cell line is capable of packaging re- 
combinant retroviral genomes into infectious 5 retroviral 
particles. . ' 

The retroviral genome has been modified by Cone 
and Mulligan for use as a vector capable of introducing 
new genes into cells. As shown in Figure 2, the gag , the 
pol and the env genes have all ; been removed : and a 
DNA segment encoding the neb gene has been inserted 
in their place. The neo gene r serves as a dominant se- 
lectable marker The retroviral sequence which remains 
part of the recombinant ^ 

tRN A binding site and the Psi packaging 1 site. Cone, R. 
and Mulligan, R.r High-efficiency gene transfer into 



mammalian cells: Generation of helper-free recom- 
binant retrovirus with broad mammalian host range, 
Proceedings' of the National Academy of Sciences , U. 
S.A., 81:6349-6353 M 9841 

I. Introduction of a Dominant Selectable Marker into 
Keratinocytes and Verification of its Insertion 

A. Introduction of the neo gene into Keratinocytes 

A cell line producing recombinant amphotropic ret- 
rovirus having a recombinant genome is used in cocul- 
tivation with keratinocytes. As shown in Figure 2, the re- 
combinant genome is comprised of two LTRs and, in 
place of the (jag, the pol and the eny sequences, a neo 
gene. The Psi am cell line, originally derived from a 3T3 
cell line which can be modified using standard tech- 
niques to include the recombinant retroviral genome, 
has been deposited with the American Type Culture Col- 
lection (Rockville. MD) under deposit number CRL8859. 

The neo gene is a bacterial gene derived from the 
transposon Tn5, which encodes neomycin resistance in 
bacteria and resistance to the antibiotic G418 in mam- 
malian cells. This neo gene acts as a dominant selecta- 
ble marker; its presence in a mammalian cell converts 
the cell into one which will grow in the presence of G418. 
(In its absence, the cell-dies in the presence of G418.) 
As a result, the presence of this gene in a mammalian 
cell can be determined by selection for its presence in 
cell6 grown in media which contains G418. The recom- 
binant retrovirus' having this recombinant genome is re- 
ferred to as the neo virus: •■ v - 

In one embodiment of this invention, the fibroblast 
cell line used as the feederlayer for (in cocultivation 
with) keratinocytes is a Psi am line producing the neo 
virus at relatively high titers "(o'.g.i between 10 4 and 10 s 
neo units per mil). The neo gene is introduced into ke- 
ratinocytes by means of this retroviral vector and its 
presence in the keratinocytes verified. 

In this embodiment the neo oerie was introduced 
into keratinocytes according to the procedure represent- 
ed in Figure 3 The procedure is described in detail in 
Example 1 . Psi am line producing the heg virus was 
treated with mitomycin C, which is an antibiotic which 
crosslinks DNA and thus renders the cells unable to di- 
vide. They are, however, still capable of producing in- 
fectious virus. The suspension of keratinocytes was 
plated onto a dish containing the treated Psi am cells, 
which served as a feeder layer producing infectious vi- 
rus. ■ ■ ' ■ ■ "• 

Keratiriocyte colonies formed and grew to conflu- 
ence. At that point, the cells were disaggregated and - 
plated onto a different feeder layer which had also been 
treated with mitomycin C. Like* the Psi am line, this feed- 
er layer is resistant to G418 (becauseit has been engi- 
neered -to contain the .neo gene). Unlike the Psi am line, 
it does not produce infectious virus. As a result, it can 
serve as a feeder layer during the selection process. 
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This is referred to, as the G41 8 feeder layer. 

The disaggregated keratinocytes were plated on 
this G418 resistant feeder layer and G418 was added 
to the culture. After incubation, those cel|s which were 
growing upjwere resistant to G418; there : were no c^b- s 
nies growing up from control cells (uhinfectedce'lfey'the" 
G418 resistant cejls appeared to be viable normal ke- 
ratinocyte colonies, indicating that 'the neo gene had : 
been introduced into and expressed .in these cells via 
the retroviral vector. io 

B. Verification of the Introduction of the neo gene into 
Keratinocytes and of the Characteristics of , 
Keratinocytes Having the neo gene 

1$ 

It is possible, through the use of the recombinant 
retrovirus (the neo virus) to introduce new genetic ma- 
terial into keratinocytes without altering the functional 
characteristics of the recipient keratinocytes. That the 
neo gene had been introduced into keratinocytes and so 
that the recipient cells were in fact viable keratinocytes 
has been verified. The procedures used are described 
in greater detail in Example 2. , ^ 

To demonstrate that these G418 resistant keratino- 
cytes contain the neo gene, analyses were performed 25 
on DNA extracted from G418-resistance keratinocytes 
and fragmented. On the basis of differences in the mo- 
lecular weights of the DNA extracted from feeder cells 
and the DNA extracted from keratinocytes, it was pos- 
sible to detect the neo gene in the Keratinocytes; a neo so 
gene was not evident, in the uninfected cells, the neo 
gene in the keratinocytes was different' in. size from the, 
neo gene present in the feeder layer.. ; , , ( ] : , . , t 

It has also been shown that the keratinocytes con- 
taining the neo gene are of the normal wild type. This 35 
has been demonstrated jn several ways. For . example, 
total cell protein extracted from infected and uninfected 
cells; was fractionated elect ropho ret ica I ly and visual- 
ized. The protein, profile of the infected cells was very 
distinctive of keratippcytes.. There are four major keratin 40 
proteins in keratinocytes (58, 56, 50 and 46 Kd In size) 
and these were at normal levels, both qualitatively and 
quantitatively, in the uninfected and the infected kerati- 
nocytes. Analysis by Western blotting demonstrated the 
presence of involucrin. Involucrin is the precursor, pro- *s 
tein of the crosslinked envelope which is distinctive of 
terminal differentiation in keratinocytes and is therefore 
a distinctive terminal differentiation marker of keratino- 
cytes. The G418 resistant keratinocytes were also 
shown by electron microscopy to have the appearance so 
of normal keratinocytes: that is, G418 resistant kerati- 
nocytes colonies were five or six , cell layers thick and 
contained keratin filaments, tonofilaments, and numer- 
ous desmosomes-all hallmarks of normal keratinocyte.. 
colonies. ^ :A ■. . . ... . \ 55 

G41.8?reslstentkeratlnocylQ , . 

to confluence, segregated as an intact, epithelium, and 
transplanted onto athymic or nude mice. This approach 



demonstrates the ability of the epidermis to continue to 
differentiate, a process, only partially evident in tissue 
culture. This is carried put in thefollowing manner which 
is described in greater^detail in Example 3.,Gfkj 8 resist- 
ant keratinocytes, .were ,grown using jhe v G418 jeeder. 
layer; growth .continued] until' adjoining colonies fused 
and became conf luent The sheet of epjd < ermaj r c t eljs,w^ 
lifted off r ^e,dish, ^ >^icK pointT it ^ntra^d -to abi>ut 
half th'e.sizeof^the cujture.yes^^ 
transplanted to an appropriate recipient* which in Jhis 
case wasan athyTpic or nude^moMse , 
ymic or nude mouse lacks' a thymus, it is incapable of 
rejecting transplanted tissue. . 

To determine whether the transplant worked, thin 
sections pf this epidermis y/ere made about two weeks 
after transplantation and the presence, of jnvplucrin de- 
termined. This was done.for example, by immunoassay 
making use of antibodiesjo involucrin, which, as men- 
tioned previously, is a distinctive terminal differentiation 
marker for keratinocytes. As a result, it has been dem- 
onstrated that new genetic material was introduced into 
the keratinocytes by means of the retroviral vectors de- 
scribed above. ! in/addition, it has been shown that this 
information could be expressed by the keratinocytes; 
that is, selection for keratinocytes resistant to G418 in- 
dicated expression .of. the neo gepe. , r 

1L Introduction , of a Dominant Selectable Marker and 
Foreign .Genetic Material into Ke rat inocvtes and 
Assessment of Express ion of the Foreign Genetic 
Material t> ,' \ , 7:'^ . ~ .' 

T^ejQpprnb\nar)X_ ret rpyjrai vectors, having theneo 
gene als^,haye,a clpn^ 

introdu^eJor t eJgp genet ic .materiaLinio the jk^oj\and!to 

have it expressed by Jjerato 

recombinant retrpvinjs. At the torn ^ 

possible tojjpsert foreign genetic materiaj. 'The 'foreign 

genetic material can be. DNA or ^ not 

occur in^epi^ 

epithelial cells but is. not (expressed by^them at levels 
which are biologically effective i (i.e., levels. sufficient to 
produce the normal physiological effectspf the polypep- 
tide it encodes); DNA or RNA which occurs in epithelial 
cells and has beep modified so that it is expressed by 
epithelial cells; and any DNA or RN A which can be mod- 
ified to be expressed by epithelial cells, alone or in any 
combination thereof . For example, it is possible to clone 
into this site In the retroviral vector a copy of .the gene 
encoding-human growth horrnone (HGH). HGH js a 
polypeptide.^ which is formally 

eecretec^c^ 

gene is L p,rese^^ it.|s.not expressed in 

those.celfe,^ 

ytes capable of making a polypeptide hormone such as 
HGH, .o^anotl^e^s^ such 
cells at biological ly. sign j jf icant .levels, can be transplant- 
ed onto an individual and serve as a continuous supply 
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system for the hormone or other substance. 

This process is described with reference to human 
growth hormone, but it is to be understood that any gene 
could be introduced into keratinocytes and its expres- 
sion by : 'tne cells assessed in a similar manner. The pro- 
cedure is described in greater detail in Example 3. A Psi 
am line which pYcduces a recombihiant retrovirus having 
the gene of interest - Herel the human grbwth rtb 
gene -can be constructed. A modified DNA segment 
encoding a cDNA of human growth hormone is iigated 
into the Bam H1 site of plasmid DNA having a recom- 
binant retroviral genome; in one embodiment, this is the 
neo gene. The plasmid is isolated and transfected onto 
Psi am cell. Psi am cells producing the HGH-neo recom- 
binant virus construct, which is represented in Figure 4, 
are isolated as G418 resistant colonies. 

The Psi am cells producing the HGH -neo recom- 
binant virus construct are used as the feeder layer in 
cocultivation with disaggregated keratinocytes. After co- 
cultivation with the Psi am cells producing the HGH-neo 
recombinant virus construct, the keratinocytes are al- 
lowed to grow to confluence; are disaggregated into ke- 
ratinocytes; and cocultivated with the G41 8 resistant cell 
line as previously described. 

The ability of keratinocytes, which have been coc- 
ultivated with the recombinant retrovirus having a re- 
combinant genome containing foreign genetic material, 
to express the loreigri genetic material can be assessed 
using several techniques. These techniques aire de- 
scribed in greater detail in Example 3. 

As a result, it has been demonstrated that keratino- 
cytes are able to secrete a polypeptide hormone which 
is normally not secreted at biolbgically significant levels 
by keratinocytes and, additionally, that they can secrete 
this hormone at close to physiological concentrations. 
Transplantation of the epithelium which is secretingliu- 
man growth hormone (e.g., onto an athymic mouse) can 
be used to demonstrate whether it can secrete sufficient 
quantities to produce a systemic effect The manner in 
which this transplantation of epidermis having keratino- 
cytes in which new genetic material (e.g., the neo gene 
and a selected gene encoding a polypeptide of interest) 
can be done is outlined in Figure 5. ~ ' 

It is possible to make an epithelium, in which the 
keratinocytes have new genetic material, suitable for 
grafting onto a recipient. The recipient could be the orig- 
inal source of the epithelial cells or could receive a graft 
from an appropriately matched donor. As shown in Fig- 
ure 5, a section of epidermis is disaggregated into Indi- 
vidual keratinocytes, which are cocultivated with a Psi 
am line producing both the rieo gene and the'gerie'df 
interest. G4l'8-resistarit keratinoc^les 'are selected, 
grown to confluence and deiached; is an ! epithelium. 
The detached epithelium is subsequently grafted onto 
the recipient. Jr ^ • f -* ^ - o ^ .v. 

At the present time; children who are dwarves' be- 
cause of a genetic lesion are treated with human growth 
hormone administered daily by injection. These patients 



could be treated by a skin graft having keratinocytes se- 
creting human growth hormone. 

III. Introduction of the neo gene and Foreign Genetic 
5 Material Encoding Polypeptides Other Than HGH ' : " " 

Genes' encoding polypeptides other than HGH ! can 
also be introduced into ke^atinocyt'es by means of the 
retroviral vector. For example, genes encoding parath- 
yroid hormone (PTH) and insulin have been introduced 
into keratinocytes along with the neo gene. Parathyroid 
hormone is a polypeptide involved in the regulation of 
calcium in the body. Insulin is a polypeptide which reg- 
ulates glucose levels in the bloodstream. Unlike HGH, 
each of these polypeptide hormones requires process- 
ing of the polypeptide before it can be active. For exam- 
ple, parathyroid hormone has a presequence and a 
prosequence at the amino terminus of the protein. Insu- 
lin is a peptide made of a and b chains which are con- 
nected by disulfide bonds, the precursor to insulin, how- 
ever, contains another peptide, the c peptide. During the 
processing this c peptide must be cleaved out in order 
to yield active insulin molecules. To date, this cleavage 
has been shown to be carried out in pancreatic cells and 
possibly by neuron cells. " 

IV. Use of Other Dominant Selectable Markers in the 
Introduction of Genetic Material Encoding Polypeptides 

It is also possible to use dominant selectable mark- 
ers other than the ned gene to introduce new genetic 
materiai'into keratinobytes; For example, the His D gene 
can be used for this purpose the His D gene is abac- 
terial gene from Salmonella and encodes histidlnbrde- 
hydrogenase, a polypeptide which converts^histidinoi to 
histidine. Histidine is an essential amino acid; histidinol 
is an alcohol analogue of histidine and ean be converted 
to histidine under the proper metabolic conditions. If 
cells are grown in media containing histidinol but lacking 
histidine, those cells having the His D gene can convert 
histidinol to histidine. Because histidine is essential to 
their function, those cells which have the His D gene 
(and thus can make histidine) will survive and those 
lacking the gene will not. 

A retrovirus vector having the His D gene has been 
used to infect keratinocytes. The keratinocytes contain- 
ing His D gene were selected by growing these cells in 
media lacking histidine but containing histidinol. As ex- 
pected, keratinocytes having the His D gene formed col- 
onies and grew to confluence; those lacking the gene 
did not. In fact, such cells occurred at a much higher 
frequency than those in which the neo gene was includ- 
ed. ' ' \ ' ! • ; ' ' : 

As a result of this work, it is also possible to use 
independent dominant selectable markers (e.g., the neo 
gene arid the His D : gerie)to Introduce new genetic ma- 
terial into keratinocytes: In the case of polypeptides 
which have two different subunits, for example, sepa- 
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rata dominant selectable markers could be used to in- 
troduce the genetic information encoding the two subu- 
nits. In addition, two or more dominant selectable mark- 
ers could .be. used in the case of polypeptides which 
need to be specifically cleaved or processed in order to 
become active.^ parathyroid hormone). . 

A gene encoding the necessary processing enzyme 
could be introduced along with the gene encoding t the 
polypeptide^ fiormppe, requiring such, processing, this 
would enable keratinocytes to process, that polypeptide 
hormone. . , ... > ,. . . ^ ' 

V. Uses of Keratinocytes Having Foreign Genetic 
Material _ .'• 

It is also possible to use vehicles other .than retro- 
viruses to genetically engineer or modify keratinocytes 
and other epithelial cells. New genetic informal bn could 
be introduced into keratinocytes by means of any, virus 
which can express the new genetic, material in such 
cells. For example, SV4Q, Herpes. virus, Adeno virus 
and human papilloma virus could be used for this pur- 
pose. Human papilloma virus, which causes warts, may 
be particularly useful for at least three reasons. First, 
this virus naturally infects keratinocytes. Second, Its ge- 
nome Is circular and in transformed cells, it remains cir- 
cular and replicates extrachromosomally (e.g., its DNA 
does not integrate into genomic DNA of transformed 
cells, as retroviral DNA does). Third, a large number of 
copies (e.g., between 50 and 200) of the viral DNA is 
made pertransformed cel(. This is particularly useful be- 
cause transformed ceils are therefore ^ a^le to pj^uce 
large quantities of the polypeptide encoded by tlVeJriew 
genetic material (e.g., hormone \ t enzyme, etc.). 

The present invention, nnakes it possible, to geneti- 
cally engineer.transplantable keratinocytes capable of 
forming ephhslta which. can secrete produpts (e.g., clot- 
ting factors, immunoregulatable, factors, and polypep- 
tide hormones) into , the . bioodst^ epithelia 
formed in this way can serve as a [continuous drug de- 
livery system to replace present regimens, which re- 
quire periodic administration (by, jngestipn, injection,, 
etc.) of the needed substance. For example, it could be 
used to provide continuous delivery of jnsulin,. which 
the present time, must be isolated from the pancreas, 
extensively purified and then injected into the body by 
those whose insulin production or utilization is impaired. 
In this way, insulin could be introduced into the body via 
a continuous drug delivery system and there would be 
no need for daily injections of insulin. Genetically engi- 
neered epidermis can also be used for the production 
of clotting factors. * Hemophiliac^ proteip pajled 

Factor VIII, which is inyqlvedjn clotting! Factor VIII is 
now administered by, injection; -keratinocytes, haying 
genes encoding Factor VIII, can be used to make epi- 
thelia and prc^ucing ^actpr ; VI ll; : as a .skin graft„the,tis- 
sue woujd secrete the factor into the bloodstream. , { 

Another, application for an epidermis. having genet- 



ically engineered^ keratinocytes is. in birth control. Tests 
are underway now for using a polypeptide hormone 
called lutenizing hormone releasing hormone (LHRH) in 
regulating ..fertility. .Continuous administration of LHRH 

5 resu Its in a sterije individual; wh en adm in istratipn ceas- 
es, the jndividuaLis again fertile. Rather. than taking 
LHRH. jnjections or oral, medication,. .one .coukJ, have a 
. 6mall ( grajt r cpntjnupusly jSecreling LH I ^?hj to provide .fie . 
same effect, in the. event that the person wanted tourer. 

TP gain f ertilifyjhis transplant coulS.be excised and delivery 
of the. polypeptide hormone^ would ,cease. . . . ,.• 
Another application o|keratinbcytes having new ge- 
, netic material is in the treatment of Acquired Jmmune 
Deficiency Syndrome (AjDS). . Interleukin^ 2 and Inter- 

15 leukin 3, which stimuiate.the immune system, are po- 
tentially valuable in the treatment of. Al DS and could be 
delivered by. a skin.graft'naving keratinocytes genetical- 
ly engineered to produce these two polypeptides (which 
, - are now administered ,b^ 

20 Another use. of genetically engineered keratinoc- 
ytes is to change.hair growth patterns in an individual or 
to grow, hair in culture for transplantation., Because hair 
formation is genetiCjally controlled jand hair is an epider- 
mal appendage,, keratinocytes haye potential use in 

25 changing hair growth. 

Another application Js tp improve the general prop- 
erties of the. skin. .The skin has several jmporjant prop- 
erties, jt^royides.a barrjerJo the f extemal surface, is a 
high ly : .elastic structure, is resilient and has very excel-. 

30 lent protect lye quajities^ the. f eco^binarjt, rejrpy iral yec.- 
tor of this invention could .be^usep; Jto ; introduce genes . 
. .. into the skin which would improye its bonsiste'ney or. im- 
prove the basic^n skin. As an example, the 
epideiTnls^whlcjfi Is found on the spies otthejeera^ 

35 heels and pa Ims p| j he : : hands ..is -much th jcke r than the 
., epidermis found in other areas of the body. In addition, 
that epidermis contains a keratin prqte in of a distinct mp- 
lecular weight.JOnce gene is, cloned, X can bejntrp- 
duced into a skin .transplant that could ,be s placed in an 

4o area where a tpugher,sldn example, 
this might : ,be useful.in the case of an immobilized pa- 
tient, for whom bed sores might be a severe problem. A 
skin graft could t?e engineered to be much tougher.and 
more resilient than skin occurring in those areas where 

45 bed sores develop (e.g., back buttocks, , legs); its applir. 
cation could provide protection for that patient. Another, 
potential use which requires changing ,the skffVs char- 
acteristics is in treatment of victims with severe burn. In 
this case there are several needs for skin to grow very 

50 rapidly in order to prevent infection, etc. Using this vec- 
tor system, it is possible to engineer a skin or an epider- 
mis wh ich would .be much more suitabl e for. someon e 
who had a severe burn. "~ " " 

Another use.ot the present invention isJn, the Jreatr 

55 ment of enzyme, defect .diseases. J n/lhis case thejwjxl- 
uct (polypeptide^ gene^ intrc^u^ed^ Jntp 

keratinocytes is not secreted ^ (as^are. hprmones), but is 
an enzyme which remains inside the cell. There are.nu- 
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merous cases of genetic diseases in which the patient 
lacks a particular enzyme and is not able to metabolize 
various amino acids or other metabdlites. The correct 
genes for these enzymes could be introduced into a skin 
transplant; the transplant would then carry but that met- s 
abolic function. For example, there is a genetic" disease 
in which those affected lack the enzyme adenosine 
deaminase. This enzyme is 'involved in the degradatjbh 
of purines to uric i acid It mighf be possible! using ffie 
present invention, to produce a skin graft capiable of pro- 10 
ducing the missing enzyme at s^icientiy h levels' to ! 
detoxify the blood as it passes through the area to which 
the graft is applied. 

Transplantable epithelial cells having foreign genet- 
ic material introduced according to the present invention is 
can also be used as transdermal drug delivery systems. 
In such systems, the drug is applied to the surface of 
the epidermis and diffuses into the bloodstream through 
the epidermis. An example of transdermally admihis- 
tered drugs are currently used for prevention of motion 20 
sickness. An important limitation to transdermal drug 
delivery, however, is that the drug must be permeable 
to the epidermal outer layers; It must be lipid soluble in 
order to be able to penetrate these layers and be effec- 
tive. : : : 2S 

This limitation can be eliminated, however, using 
epidermis having keratinocytes modified according to 
the present invention. For example, in the case of a drug 
which (in its active form) is hot lipid soluble, the'drug 
could be made in a lipid soluble - but inactive form which ' so 
can pass through the epidermis: It can then be applied 
to a skin graft having keratinoc^es genetically engi- 
neered to be able to convert the lipid soluble/ihactive 
drug into a water soluble/active form the drug could 
then pass into the'bjoodstream and produce the desired 35 
effect. ■ ■ . : •' • ;Vi : r : 

The present invention also has veterinary applica- 
tions. It can be used, /'for example, in delivering sub- 
stances such as drugs (e.g./ahtibiotics)'and hbrmohes 
to animais, which would otherwise be provided by being 40 
incorporated into their feed, added to their water br in- 
jected periodically (e.g., daily or less frequently). Use of 
the modified epithelial cells of the present invention has 
the advantage that the tissue formed of the modified ep- 
ithelial cells can be applied to the animal and will provide 4S 
quanitites of the encoded protein on an ongoing basis, 
thus eliminating the need for daily/periodic administra- 
tion of the substance. 

This invention will now be illustrated by the following 
examples: so 

Example 1 1ntroduction of a heo gene into Keratinocytes 

The neo gene was ihtroduced into keratinocytes ac- 
cording to the procedure 'represented in Figure 3. Psi ss 
am line producing j the neo virus'was treated with mito- 
mycin C at 5 micrograms per mil at about 37° for about 
two hours in Dulbeccb's Modified ' Eagle's Media (DfvIE) 1 



without serum. Mitomycin C is an antibiotic which 
crosslinks DNA and thus renders the ceils unable to di- 
vide. However, the cells are still capable of producing 
infectious virus, Psi am cells were treated with mitomy- 
cin C oh a 10 centimeter dish arid washed swe^al times 
with DfyiE. The suspensibnof kerati^ 
onto this dish. As a 'result, the feeder layer us'e^ 
one pnMucihg ihfectibus virus:'; 7 ■' X: :;v 

Ker^inocyte colonies formed several daysflater 
and grew to confluence. At that point the cells were 
trypsinized (treated with the enzyme trypsin) to disag- 
gregate them into single cells and plated onto a different 
feeder layer which had also been treated with mitomycin 
Q. Like the Psi am line, this feeder layer is G418 resist- 
ant (because it has been engineered to contain the neo 
gene). Unlike the Psi am line,' it does hot produce infec- 
tious virus. As a result, it can serve as a feeder layer 
during the selection process. This' is referred to as the 
G418 leeder layer. " ' ' ; - • ' 

The'disaggreg^ted keratinocytes were plated* on 
this G418' resistant feeder layer and G41 8 was added 
at a final concentration in the media of between 0.5 and 
1 mgs; per mil. After "about two weeks of ihcubatibh, 
those cells which were growing up were resistant to 
G418; there were ho colonies growing up from control 
cells (uninfected cells). The G418 resistant cells ap- 
peared to be viable normal keratinocyte colonies, indi- 
cating that the neo gene had been introduced into and 
expressed in 1 these cells Via the retroviral vector. 

Example 2' Verification of the Introduction of the neo 
gene ihto Keratihbcvtes Tand Characterization of 
Keratinocytes Having the*rieo gene 

It is p&slbley through the; use of the recombinant 
retrovirus" (the Wo Virus) to introduce new genetic ma- 
terial into; keratihciytes without altering the functional 
characteristics of the" recipient keratinocytes. That the 
neo gene had been introduced into keratinocytes and 
that the recipient celts were in fact viable keratinocytes 
has been verified! ! - : v : >. * 

To demonstrate that these G41 8 resistant keratino- 
cytes contain' the' neo gene, a Southern blot analysis 
was performed on DN Aextracted from G41 8-resistahce 
keratinocytes. Mahiatis, T. ,et al, jn: Molecular Cloning: 
A Laboratory' Manual . Cold Spring Harbor, NY (1982). 
The DNA was digested by restriction enzymes and a 
Southern blot hybridization analysis performed. On the 
basis of differences in the molecular weights of the DNA 
extracted from feeder cells and the DNA extracted from 
keratinocytes, it was possible to detect the neo gene in 
the keratinocytes; a heo gene was not evident in the un- 
infected cells. The heo gene ih the keratinocytes was 
different in size from the heo gene present in the feeder 
layer '•' r ' y " : "•• - ••^ ■ •• ■ : ' 

It has also been shown that the keratinocytes con- 
taining the neo gene are' of the normal wild type. This 
has been demonstrated in several ways. For example, 
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total cell protein was extracted from infected and unin- 
fected cells; fractionated by SDS polyacrylamide elec- 
rophoresis; and visualized by staining byCoomasie blue 
stain, the protein profile of the infected cells wasvery 
distinctive of keratinocytes. There are four major keratin 
proteins in keratinocytes (58,'56, r 50 and 46 Kd in size) 
and these were at normal levels, both qualitafiyely and 
quantitatively, in the uninfected and the unfected^kerati-. 
nocytes. [ 1 ".' ' 7 7';" 

The presence of involucrin was also determined. In- 
volucrin is the precursor protein of /the crossnpked en- 
velope which is distinctive of terminal differentiation in 
keratinocytes. It is therefore a distinctive terminal differ- 
entiation marker of keratinocytes. A Western blotting 
technique demonstrated the presence of involucrin. 
Towbin, H, et al., Proceedings of the National Academy 
of Sciences , U.S.A. , 76:4350-4354 (1979)-.The G418 
resistant keratinocytes were also shown by electron mi- 
croscopy to have the appearance of normal keratinoc- 
ytes. The EM pictures show that the G418 resistant ke- 
ratinocytes colony was five or six cell layers thick; They 
also reveal the presence of keratin filaments, tonofila- 
ments, and numerous desmosomes»all hallmarks of 
normal keratinocyte colonies. 

The G41B-resistant keratinocytes have also been 
grown to confluence, segregated as an intact epithelium 
and transplanted onto athymic or nude mice. This ap- 
proach demonstrates the ability of the epidermis to con- 
tinue to differentiate, a process only partially evident in 
tissue culture. This was carried out in thefoltowin^man- 
ner. The G418 resistant keratinocytes were grown on a 
Petri dish, using the G41 8 feeder layer, until adjoining 
colonies fused and the dish was covered with keratino- 
cytes. Using an enzyme called Dlspase, the sheet of ep- 
idermal cells was lifted off the dish using the^method de- 
scribed by Green and Kehinde. Green, H. and keh[nde7 
O., U.S. Patent No. 4,304,866; Green, H. et aL, Growth 
of cultured epidermal cells into multiple epithelia suita- 
ble for grafting, Proceedings of the National Academy 
of Sciences . U.S.A. , 76:5665-5668 (1979). At that point, 
the sheet contracted to about half the size of the dish. 
The epithelium was placed on Vaseline gauze arid 
transplanted to an athymic or nude mouse, Because the 
athymic or nude mouse lacks a thymus, ,it is incapable 
of rejecting transplanted tissue. . 

To determine whether the transplant has worked, 
thin sections of this epidermis are made about two 
weeks after it is transplanted. Using antibodies to involu- 
crin, which is a protein distinctive of human epidermis 
and, as mentioned previously, a distinctive terminal dif- 
ferentiation marker, for keratinocytes, the presence of 
transplanted h uman ; epide rrnis was detected. JSs a Ve: \ 
suit, it has been demonstrated 

was introduced into ^ the 
retroviral vectors descnbe^ above: In addition, it has 
been shown' that this InfomHatlon could be (Bxpressed by 
the keratinocytes; that is, selection for keratinocytes re- 
sistant to G418 indicated expression of the neo gene. 



Example 3 Introduction of the neo gene and Foreign 
Genetic Material into Keratinocytes 

A. Introduction of the neo gene and the gene encoding 
5 human growth hormone (HGHTi 

The recombinant ret roviral vectors hay jng the neo 
gene also have a^cfonlng site, Trjis makes it possible to 
introduce foreign genetic, material into the vector and to. 

10 have it expressed by keratinocytes cocultiyated with the 
recombinant virus. Itis possible to insert the foreign ge : 
netic material at the BamH1 cloning site. For example, 
it is possible to clone into this site in the retroviral vector 
a copy of the gene encoding human growth hormone 

15 (HGH). HGH is a polypeptide of about 29,000 Daltons 
which is normally secreted only by the hypothalamus. 
Keratinocytes capable of making a polypeptide hor- 
mone (such as HGH) or another substance not normally 
made by such cells could be transplanted onto an indi- 

20 vidual and.serye as a continuous supply system for the 
hormone or other substance. 

This process is described with reference to human 
growth hormone, but it is to be understood that any gene 
could be introduced into keratinocytes and its expres- 

25 sion by the cells assessed jn a similar manner. A Psi am 
line which produces a recombinant retrovirus having the 
gene of interest --, here, the human growth hormone 
; gene ~ was constructed in the following way. Plasmid 
DNA haying the recombinant retroviral genome (having 

so the neo gene) was digested with Bam H1 . A modified 
DNA segment encoding a cDNA of. human growth hor- 
mone was ligated into this site, The plasmid having the 
proper .onentation h of _ the HGH ; gene was isolated and 
transfected onto^Psram eel] using the Ca ++ phosphate 

35 technique. Graham, R. and.Vander.Eb, A., Virology 52: 
456-467 (1973)! Psi anV cells producing 'the HGH -neo 
recombinant virus ^construct, which is represented in 
Figure 4, were isolated, as^G41 8 resistant colonies. 
The Psi am . cells producing the^GH-neg recom- 

40 binant virus construct were used as the feeder layer in 
cocultivation with disaggregated keratinocytes. . The 
same procedure as described previously for introduc- 
tion of the neo gene alone was.follqwed to introduce, the 
HGH-neo construct into keratinbcytesi TTiat is, after co- 

45 cultivation with the Psi am ce|ls prip^ucihg the HGH-neo 
recombinant virus construct, the keratinocytes Were al- 
lowed to grow to confluence; were disaggregated into 
keratinocytes; and cocultivated with the NIH 3T3 de- 
rived cell line having G41 8 resistance as previously de- 

so scribed. 

B. Assessment of Expression of the Human Growth , 
Hormone Gene by the Keratinocytes 

55 The keratinocytes were assessed for their ability to 
express the r foreign genetic. material (In . thls.case, the 
human growth hormone gene). 

An immunoprecipitation method utilizing keratinoc- 
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ytes metabolically labeled with 35 S methionine was 
used to detect the presence of HGH in the cultured ke- 
ratinocytes. In the case of human growth hormone, 
which is secreted into the media, supernatants were as- 
sayed. Antibody specific to HGH was added to the me- 
dia and allowed to complex with the HGH. The antibody- 
HGH complex was precipitated 'using' Staph 
aureus bacteria bugs known to precipitate them, The 
complex was treated (e.g. by washing and boiling in an 
SDS buffer j so as to separate the two components. After 
being fractionated on an SDS polyacrylamide gel and 
dried down, the radioactive proteins were visualized by 
autoradiography. With specific size markers it was pos- 
sible to detect the presence of HGH secreted into the 
media. That is, using protein standards having known 
molecular weights, it is possible to construct a standard 
curve showing molecular weight against distance trav- 
elled on the gel and to determine the molecular weight 
of the protein secreted by the keratinocytes. A highly 
purified 125 l labelled HGH was used as a very specific 
marker. Therefore, the results are highly conclusive in 
the identification of HGH. Secretion of HGH was shown 
to be unique to the keratinocytes with the HGH neo re- 
combinant virus; uninfected keratinocytes and those in- 
fected solely with the neo virus secreted no HGH. Ke- 
ratinocytes having the HGH -neo recombinant virus are 
on deposit with the American Type Culture Collection 
(Rockville, MD) under deposit number CRL8858. 

Using radbimmuno assay, which is an excellent 
method for determining precise amounts of the hor- 
mone, it was possible to determine that there was in ex- 
cess of 30 to 50 nanograms HGH per milliter in the me- 
dia. This shows that HGH is secreted by the keratinoc- 
ytes at levels which are similar to physiological concen- 
trations. (Human serum normally contains i -5ng HGH 
per mil.) " : : v - ■ 

Thus, this demonstrates that keratinocytes are able 
to secret a polypeptide hormone which is normally hot 
secreted by keratinocytes and, additionally, that they 
can secrete this hormone at close to physiological con- 
centrations. 

Example 4 Introduction of Foreign Genetic Material and 
Determination of Graft Size Needed for Production of 
Encoded Material at Physiologically Significant Levels 

A. Introduction of the neo gene and the gene encoding 
parathyroid hormone (PTH) 

A recombinant retrovirus containing a copy of the 
gene encoding parathyroid hormone (PTH) was con- 
structed according to the method described in Example 
3. The resulting construct was introduced into human 
keratinocytes by the method described in Example 3. 
Keratinocytes resistant to G418 were selected and the 
population of such cells expanded and allowed to grow 
to confluence. 

Confluent cultures of G418 resistant keratinocytes 



were assayed for synthesis and secretion of PTH in the 
following manner. A 75 cm 2 flask of a confluent culture 
of modified keratinocytes was used for measurement of 
the quantity ot PTH secreted. At time zero, the media 
s was removed and 20 m.l. of fresh media added. At 4 
hour intervals, aliquots of the media were removed and 
frozen. The level of PTH in these aliquots was measured 
using a standard radioimmune^assay specific for 'PTH. 
The result of the assays are as follows: 



Time (hours) 


PTH/20mt. (micrograms) 


4 


2.2 


8 


4.0 


12 


6.0 


16 


7.0 


20 


7.4 


24 


10.0 



B. Calculation of PTH secretion rate and estimation of 
size of graft necessary for effective PTH delivery 

The rate of PTH secretion by the keratinocytes was 
determined from the slope of the plot of quantity of, PTH 
secreted vs. time (Figure 6). Use of this .information in 
conjunction with information on the surface area pi the 
epithlium secreting PTH made it possible to calculate 
the rate of PTH production per square centimeter (cm 2 ) 
of epithelium. The rate of PTH production was deter- 
mined In this manner to be I.4ncy4minutes/cm 2 . This 
was determined as follows: The rate of secretion is 
425ng/ml. ( as read from the sfppepfthe curve shown in 
Figure 6. f he epjth'elium in the 75cm 2 flask is equivalent 
to 20cm 2 because, after it is detached from the flask with 
dispace, the epitoeiium shrinks to about one-fourth its 
size. Therefore, the rate per surface area js: 

425ng/hour/20cm 2 

7hg/mjnute/20cm 2 . V 

0.35n ^minute/cm 2 
1 .4ncy4minutes/cm 2 . 

From this information, the size of a graft necessary 
to deliver PTH at physiologically significant levels was 
determined. For example, PTH is present in plasma at 
a concentration of 1 -5pg/ml, and a 70 Kg man has 2730 
ml. of plasma and a total* PTH content of 13.6ng. The 
half life of PTH in plasma is approximately 4 minutes. 
To supply 1 3.6ng of PTH every 4 minutes (which is more 
than sufficient to meet the needs of a 70Kg man) a graft 
9.7cm 2 in size' would be needed^. A graft of this size 
would not only provide physiojpgj^ levels 
of PTH, but also tie cosmetically a^eptable to a patient 
(user) and conveniem In addition, genetic mod- 

ification of keratinTOytes n pessary to produce, a graft 
of this size would be a reasphabiy easy task. 
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Industrial Utility 

This invention has industrial applicability in provid- 
ing hormones, enzymes and drugs to mammals, includ- 
ing humans, in need of such , substances. For example, 5 
it can be used to provide a continuous supply of a hor- 
mone which.otherwise would be.administered pnape-.. 
riodic basis byjnjection or oral 
ticularly valuable in providing such substances, such* as., 
human growth hormone, which are needed for extended,, to 
periods of time. . 



Claims 



Claims for the following Contracting States : BE, 
CH, DE, FR, GB, IT, LU, NL, SE 

1. Transplantable epithelial cells expressing recom- 20 
binant foreign genetic material not normally ex- 
pressed by the celts at biologically significant levels 

for use in therapy, e.g. transplantation therapy. 

2. Transplantable cells according to claim 1, wherein 25 
the cells are keratinocytes. 

3. Transplantable cells according to claim 1 or claim 
2, in which the foreign genetic material is. DNA or 
RNA which does not occur naturally in the cells; or 30 
DNA or RNA which occurs naturally in the cells but 

is not normally expressed.in them at levels f which 
are biologically significant. ; - . . . 

4. Transplantable cells according to. claim 35 

2, wherein the foreign genetic material encodes a. 
hormone e.g. a fertility-regulating hormone, an en- 
zyme, or a drug. 

5. Transplantable cells according Jo any one of the 40 
preceding claims, wherein the cells are human ke-^ 
ratinocytes. . : . .' , ,.i-,.. V; . C 

6. Transplantable. cells according to any one of claims. . 

3, 4 and 5 additionally comprising genetic material 
which encodes at least, one dominant selectable 
marker, e.g. a gene encoding antibiotic resistance. 

7. Transplantable keratinocytes for use in therapy (e. 

g. transplantation therapy) and expressing recom- so 
binant .foreign genes encpding, polypeptides not 
normally .made at biologically, .significant levels in 
keratinocytes and aneo gene, said neo gene being 
a bacterial } gene derived from the transppson Tn5. 

55 

8. Transplantable cells . according * tp .any , one of the 
preceding claims, wherein the foreign geneuci ma- 
terial is incorporated into the cells in a retroviral vec- 



9. Transplantable keratinocytes having incorporated 
therein recombin^t amphotrppjc retrovirus having 

. a recombinant genome comprised of: 

. a) long terminal repeat.sequences, .the.tRNA 
, ; binding site : and Jhe r j=6j packing 6ite,deriyed 
from amphotropic Moloney murine leukemia vi- 
rus;., . , .... ■, .., JV . . ... ...],., 

b) genetic materia^encpding at least qne se- 
lectable marker, for example a dominant se- 
lectable marker e.g. a neo gene; , 

c) loreign genetic material, for example encod- 
ing human growth hormone. , . 

10. A method of making transplantable keratinocytes 
which express foreign genetic material and genetic 
material encoding at least one dominant selectable 
marker, comprising: 

a) forming a culture of keratinocytes and fibrob- 
last cells treated to prevent their multiplication, 
the fibroblast cells producing an infectious re- 
combinant, retrovirus having a recombinant ge- 
nome comprised of foreign genetic material; 
and 

b) maintaining said culture under conditions 
conducive .to cejl growth whereby keratinocyta 
colonies are formed. . . ' . ,, , . 

11 . A method according to claim,! 0 f in which the.foreign- 
genetic material encodes a hormone, an enzyme or 
a drug not nprmajly expressed in keratinocytes. at 
biologically significant levels. ..' 

12. A method.accordingto claim 11 , in whichthe recom- 
binant genome additionally comprises genetic ma- 
terial encqdjng at^ least one ,dom inapt selectable 
marker. ; . .^.L-* r - > ,■ . . '.t %; ; , 

13. A method according to claim 12, in which the fibrob- 
last cells are ATCC CRL8859 having incorporated 
therein the neo gene and the gene encoding human 
growth hormone. 

14. The keratinocytes of ATCC CRL885B in culture. 

15. A method of making transplantable sheets of epi- 
thelial cells, cpmprised of keratinocytes expressing 
foreign genetic material, comprising: , . .... 

a) introducing foreign genetic materia) into ke- 
ratinocytes, and > 

b) culturing said keratinocytes to make trans- 
plantabje sheets. ,., v ,. t . 

1 6. A method of making transplantable sheets of keral- 
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inous tissue comprised of keratinocytes expressing 
foreign genetic material, the method comprising: 

a) cufturing keratinocytes and fibroblast cells 
treated to prevent their multiplication in a cul- s 
ture vessel, the fibroblast cells producing an in- 
fectious recombinant virus having a recom- 
binant genome"' comprised of foreign genetic 
material; " : ; ■ 

b) maintaining said culture under conditions io 
conducive to cell growth; whereby a sheet of 
keratinous tissue is formed on a surface of the 
vessel; and, 

c) removing said sheet of keratinous tissue 
from the surface of the vessel. is 



for grafting to the body to provide a delivery system 
for the hormone, enzyme or drug. 

Claims for the following Contracting State : AT 

1 . A process for the preparation of transplantable ep- 
ithelial cells expressing not 
normally expressed by the cells at biologically sig- 
nificant levelsVcomprising infecting the cells with a 
virus in which there is a recombinant genome hav- 
ing the foreign genetic material. 

2. A process according to claim 1 wherein the trans- 
plantable cells are keratinocytes. 



17. A method according to claim 16, in which the re- 
combinant genome additionally comprises genetic 
material encoding at least one dominant selectable 
marker. 

1 8. A method according to claim 1 6 or claim 1 7, in which 
the sheet of keratinous tissue is contacted with a 
neutral protease under conditions sufficient for en- 
zymatic detachment of the sheet from the surface 
of the vessel. 

19. Transplantable cells according to claim 4 in sheet 
form, for use in grafting to the body to provide a de- 
livery system for the hormone, enzyme or drug. 

20. Transplantable keratinocytes in sheet form accord- 
ing to claim 19, having incorporated therein a re- 
combinant retrovirus having a recombinant genome 
comprised of: 

a) the genetic material encoding the hormone, 
enzyme or drug; ' ' 

b) the long terminal repeat sequences, the 
tRNA binding site and the Psi packaging site 
derived from amphotropic retrovirus; and 

c) at least one promoter of eukaryotic origin. 

21. A transplantable sheet according to claim 20, in 
which: 

a) the recombinant genome is additionally com- 
prised of a promoter of eukaryotic origin which 
can be modulated by an external cue; or 

b) the recombinant genome is additionally com- 
prised of genetic material encoding at least one 
dominant selectable marker, e.g. a gene en- 
coding antibiotic resistance or a gene that com- 
plements a genetic defect in the host species. 

22. Use of keratinocytes expressing foreign genetic 
material encoding a hormone, an enzyme or a drug; 
for the manufacture of a sheet of said keratinocytes 



3. A process according to claim 1 or claim 2 in which 
the foreign genetic material is DNA or RNA which 
does not occur naturally in the cells; or DNA or RNA 
which occurs naturally in the cells but is not normally 
expressed in them at levels which are biologically 
significant 

4. A process according to claim 1 or claim 2, wherein 
2$ the foreign genetic material encodes a hormone eg. 

a fertility-regulating hormone, an enzyme or a drug. 

5. A process according' to any one of the preceding 
claims, wherein the cells are human keratinocytes. 

6. A process according to any one of claims 3, 4 and 
5 wherein the transplantable epithelial cells ex- 
pressing foreign genetic material additionally com- 
prise genetic material which encodes at least one 

& dominant selectable marker, eg. a gene encoding 
antibiotic resistance. 

7. A process according to claim 1 wherein said trans- 
plantable epithelial cells expressing foreign genetic 

40 material are transplantable keratinocytes express- 
ing foreign genes encoding polypeptides not nor- 
mally made at biologically signicant levels in kerat- 
inocytes and a neo gene, said neo gene being a 
bacteriai gene derived from the transposon Tn5. 

45 

8. A process according to any one of the preceding 
claims wherein the foreign genetic material is incor- 
porated into the cells in a retroviral vector. 

50 9. a process according to claim 1 wherein said trans- 
plantable epithelial cells expressing foreign genetic 
material are transplantable keratinocytes having in- 
corporated therein recombinant amphotropic retro- 
virus having a recombinant genome comprised of: 

ss 

a) long terminal "repeat sequences! the tRNA 
binding site and the Psi packing site derived 
from amphotropic Moloney murine leukemia vi- 
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rus; 

b) genetic material encoding at least one se- 
lectable marker, for example a dominant se- 
lectable marker eg. a neo gene; 

c) foreign genetic material, for example encod- s 
ing human growth hormone,, v 

10. A method of making transplantable keratinpcytes 
which expressjoreign, genetic material and genetic 
material encoding at least one dominant selectable 10 
marker, comprising: 

a) forming a culture of keratinocytes and fibrob- 
last cells treated 1o prevent their multiplication, 
the fibroblast cells producing an infectious re- 
combinant retrovirus having a recombinant ge- 
nome comprised of foreign genetic material; 
and 

b) maintaining said culture under conditions 
conducive to cell growth whereby keratinocyte zo 
colonies are formed. 

11. A method according to claim 10, in which the foreign 
genetic material encodes a hormone, an enzyme or 

a drug not normally expressed in keratinocytes at 25 
biologically significant levels. 

1 2. A method according to claim 1 1 , in which the recom- 
binant genome additionally comprises genetic ma- 
terial encoding at Iea6t one dominant selectable 30 
marker. 



13. A method according to claim ,12, in which the fibrob- 
last cells are ATCC CRL8859 having Incorporated 
therein the neo gene and the, gene encoding human 35. 
growth hormone. , 

14. A process according to claim 1 wherein the trans- 
plantable epithelial cells expressing foreign genetic 
material are the keratinocytes of ATCC. CRL8858. 40 

15. A method of making transplantable sheets of epi- 
thelial cells, comprised of keratinocytes expressing 
foreign genetic material, comprising: 

45 

a) introducing foreign genetic material into ke- 
ratinocytes, and . 

b) culturing said keratinocytes to make trans- 
plantable sheets. 

so 

16. A method of making transplantable sheets of kerat- 
inous tissue comprised ; of keratincytes expressing 
foreign genetic material, the method comprising: 

a) culturing keratinocytes and fibroblast cells 55 
treated to prevent their multiplication In a cul- 
ture vessel, the fibroblast cells producing an in- 
fectious.. recombinant virus having a .recom- 



binant genome comprised of foreign genetic 
material; 

b) maintaining said culture under conditions 
conducive to cell growth, whereby a sheet of 
kBratinous tissue is .formed on a surface of the 
vessel; and 

c) /^?tWin9.;\W!^: 8 . , ?J B .?! t ' of t .keratipous tissue 
frqmthe.su^ ...^ 

17. A method accpr^t)g^c\ja\rr\ 16, in which the .re- 
combinant genome additionally comprises genetic 
material encoding at least one dominant selectable 
marker. 

18. A method according to claim 16 or claim 17, in which 
the sheet of keratinous tissue is contacted with a 
neutral protease under conditions sufficient for en- 
zymatic detachment of the sheet from the surface 
of the vessel. 

19. A process according to claim 4 wherein the trans- 
plantable cells are in sheet form. 

20. A process according to claim 19 wherein the trans- 
plantable cells are transplantable kertinocytes hav- 
ing incorporated therein a recombinant retrovirus 
having a recombinant genome comprised of: 

a) the genetic material encoding the hormone, 
enzyme or drug: 

b) ,the long , terminal repeat .sequences, the 
tRNA binding site and the Psi packaging site 
derived from amphotropic retrovirus; and 

■c) at least one promoter of eukaryotic origin. , 

21. A process accqrdin 

a) the recombinant genome is additionally com-; 
prised of a promoter of eukaryotic origin which 
canbe.m or.-. 

b) the recombinant genome is additionally com- 
prised of genetic material encoding at least one 
dominant sel^table marker, eg. a gene encod- 
ing antibiotic resistance qr,a gene, that comple- 
ments a. genetic defect in the, host 6pecies. . 

22. Use of keratinocytes expressing foreign genetic 
material encoding a hormone, an enzyme or a drug; 
for the manufacture of a sheet of said keratinocytes 
for grafting to the body to provide a delivery system 
for the hormone, enzyme or drug. 
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Patentanspruche 

Patentanspruchefurfolgende Vertragsstaaten : BE, 
CH, DE, FR, GB, IT, LU, NL, SE 

1. Ubertragbare Epithelzellen, die 'rekonribinantes ge- 
netisches Fremdmaterial Gx^rimiereh, das von den 
Zellen normalerweise nicht mit biologisch signifi- 
kanten Konzentrationen exprimiert wircJ, zur Ver- 
wendung in der Therapie. z^B: Trarisplantationsthe- 
rapie. 

2. Ubertragbare Zellen nach Anspruch 1, wobei die 
Zellen Keratinozyten sind. 

3. Ubertragbare Zellen nach Anspruch 1 Oder 2, bei 
denen das genetische Fremdmaterial DNA oder 
RNA ist, die nicht natGriicherweise in den Zellen 
vorkommt, oder DNA oder RNA, die natGriicherwei- 
se in den Zellen vorkommt, jedoch normalerweise 
in ihnen nicht in Konzentrationen exprimiert wird, 
die biologisch signifikant sind. 

4. Ubertragbare Zellen nach Anspruch 1 Oder 2, wobei 
das genetische Fremdmaterial ein Hormon codiert, 
z.B. ein Fruchtbarkeilsregulationshormon, ein En- 
zym oder ein Arzneimittel. 

6. Ubertragbare Zellen nach einem der vorhergehen- 
den Ansp ruche, wobei die Zellen menschliche Ke- 
ratinozyten sind. 

6. Ubertragbare Zellen nach einem der AnsprOche 3, 
4 und 5, die zusatzlich ein genetisches Material um- 
fassen, das zumindest einen dominant en selektier- 
baren Marker codiert, z.B. ein Gen, das Antibiotika- 
resistenz codiert. 

7. Ubertragbare Keratinozyten zur Verwehdung in der 
Therapie (z.B. Transplantatiohstherapie), die nor- 
malerweise nicht in biologisch signifikanten Kon- 
zentrationen in Keratinozyten gebildete Polypepti- 
de codierende rekdhibinante Fremdgene und ein 
Neo-Gen exprimieren, wobei das Neo-Gen ein vom 
Transposon Tn5 abgeleitetes Bakteriengen ist. 

8. Ubertragbare Zellen ! hach einem der vorhergehen- 
den Anspruche, wobei das genetische Fremdmate- 
rial in die Zellen h einem Retrovirusvektor inkorpo- 
riert ist. ■ ^ 

9. Ubertragbare Kerationozyten mit einem in diesen 
inkorporierten rekombinanten amphotropen Retro- 
virus mit einem rekombinanten Genom, bestehend 
aus 

a) langen terminalen Wiederholungssequen- 



zen, wobei die tRNA-Bindungsstelle und die 
Psi-Packungsstelle von einem amphotropen 
Moloney-Mausele'ukamievirus abgeleitet sind, 

b) genetischem Material, das zumindest einen 
5 selektierbaren Marker, zurri Beispiel einen do- 

minanten selektierbaren Marker, z.B. ein Neo- 
Gen, codiert, und 

c) genetischem' Ffemdmaterial, das zum Bei- 
spiel mehscnliches - Wachstumshbriftioh co- 

io diert. 

10. Verfahren zur Herstellung ubertragbarer Keratino- 
zyten, die genetisches Fremdmaterial und geneti- 
sches Material exprimieren, das zumindest einen 
is dominanten selektierbaren Marker codiert, darin 
bestehend, daB 

a) eine Kultur von Keratinozyten und Fibro- 
blastzellen gebildet wird, die so behandelt sind, 
20 daB ihre Veirnehrung verhiridert wird, wobei die 

Fibroblastzellen einen infektiosen rekombinan- 
ten Retrovirus mit einem rekombinanten Ge- 
nom produzieren, das aus genetischem 
Fremdmaterial besteht, und 
25 b) die Kultur unter ein Zellwachstum begQnsti- 

genden Bedingungen gehalten wird, wobei Ke- 
ratinozytkolonien gebildet werden. 

It. Verfahren nach Anspruch 10, bei dem das geneti- 
30 6che Fremdmaterial ein Hormon, ein Enzym oder 
ein Arzneimittel codiert, das normalerweise nicht in 
Keratinozyten in biologisch signifikanten Konzen- 
trationen exprimiert wird. 

35 1 2. Verfahren nach Anspruch 11 , bei dem das rekom- 
binante Genom zusatzlich genetisches Material 
umfaBt, das zumindest einen dominanten selektier- 
baren Marker codiert. 

40 13. Verfahren nach Anspruch 12, bei dem die Fibro- 
blastzellen aus ATCC CRL8859 mit dem darin in- 
korporierten Neo-Gen und dem das menschliche 
Wachstumshbrmon codierenden Gen bestehen. 

45 1 4. Die Kerationozyten von ATCC CRL8858 als Kultur. 

15. Verfahren zum Herstellen ubertragbarer Schichten 
von Epithelzellen, gebildet von genetisches Fremd- 
material exprlmierenden Kerationozyten, darfn be- 

so stehend, daG 

a) genetisches Fremdmaterial in Keratinozyten 
eihgefuhrt wird und 

b) die Keratinozyten zur Herstellung Obertrag- 
55 barer Schichten gezOchtet werden. 

16. Verfahren zum Herstellen ubertragbarer Schichten 
aus Keratingewebe, gebildet aus genetisches 
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Fremdmaterial exprimierenden Keratinozyten, wo- 
bei das Verfahren darin besteht, daB 

a) Keratinozyten und fpr eineVerhinderung Hi- 
rer Vermehrungbeha^ in 
einem ZpchtungsgefaB gezpchtet werden, wp- 
bei die Fibroblastzellen ein infektioses rekom- 
binantes Virus mit einem rekombinanten Ge- 
nom produzieren, ^das. yon - genetischem 
Fremdmaterial gebildet ist, ;; , v 

b) ,die,Kurtur unter ein Zellwachstum begOnsti- 
genden Bedingungen gehalten wird, wobei ei- 
ne Schicht aus keratinem Gewebe auf einer 
Ob erf I ache des GefaBes gebildet wird, und 

c) die Schicht aus keratinem Gewebe von der 
Oberflache des GefaGes entf ernt wird. 

17. Verfahren nach Anspruch 16, bei dem das rekom- 
binante Genom zusatzlich genetisches Material 
umfaBt, das zumindest einen dominanten selektier- 
baren Marker codiert. 

1 8. Verfahren nach Anspruch 1 6 oder Anspruch 1 7, bei 
dem die Schicht aus keratinem Gewebe mit einer 
neutralen Protease unter Bedingungen fur eine en- 
zymatische Abldsungder Schicht von der Oberfla- 
che des GefaBes in BerOhrung gebracht wird. 

19. Ubertragbare Zetlen nach Anspruch 4 in Schicht- 
fornrv zur Verwendung in der Transplantation auf 
den Korper zu^Schaff ung eines Liefersystems fOr 
das Hormon, das Enzym oder das Arzneimittel. 

20. Ubertragbare Keratinozyten InSchichtform nach 
Anspruch 1 9, mit einem inkorpprierten rekombinan- 
ten Retrovirus mit einem rekombinanten Genom, 
bestehend aus 

a) dem das Hormon, das Enzym oder. das Arz- 
neimittel codierenden genetischen Material, 

b) den langen terminalen Wjederholungsse- 
quenzen, der tRNA-Bjndungsstelle und der 
Psi-Packungsstelle, abgeleitet von einem am- 
photropen Retrovirus, und ( 

c) zumindest einem Promotor eukaryiotischen 
Ursprungs. 

21. Obertragbare Schicht oach.Anspruch 20, bei dem 

a) das rekombinante Genom zusatzlich von ei- 
nem Promotor eukaryiotischen Ursprungs ge- 
bildet ist, dervonein.emauBeren Signal modu- 
liert werden kann, oder > .■ ■■ 

b) das rekombinante Genom zusatzlich yon ge- 
netischem Material gebildet ist, das zumindest 
einen dominanten selektierbaren ■ Marker co- 
diert, z.B. ein Antibtotikaresistenz codierendes 
Gen oder ein Gen, das einen genetischen Def- 



fekt in der Wirtspezies komplementiert. 

22. Verwendung von Keratinozyten. die ein Hormon, 
ein Enzym oder ein Arzneimittel codierendes gene- 
tisches Fremdmaterial exprimieren, zur.Herstellung 
einer Schicht der Keratinozyten if Or eine Transplan- 
tetipn.auf,deriKorpe eines Liefersy- 

6teo)s fflr.das Hormon, dae Enzym oder das Arznei- 
mittel. . 



PatentansprOche f Or fplgenden Vertragsstaat : AT 

1. Verfahren zur Herstellung ubertragbarer Epithelzel- 
len, die genetisches Fremdmaterial exprimieren, 
das von dep Zellen normaierweise nicht mit biolo- 
gisch signifikanten Konzent ration en exprimiert 
wird, darin bestehend, daB die Zellen mit einem Vi- 
rus infiziert werden, in dem sich ein rekombinantes 
Genom mit dem genetischen Fremdmaterial befin- 
det. 



2. Verfahren nach Anspruch 1 , wobei die ubertragba- 
ren Zellen Keratbnozyten sind. 

25 

3. Verfahren nach Anspruch 1 oder Anspruch 2, bei 
dem das genetische^Fremdmaterial DNA oder RNA 
ist, die nicht naturlicherweise in den Zellen vor- 
kommt, oder DNA oder RNA, die naturlicherweise 

30 in den Zellen yprkpmmt. jedoch normaierweise in 
ihnen nicht in Konzentratipnen exprimiert wird, die 
biplogisch signrfikant sind. 

4. Verfahren met) Aospruch.1 oder Anspruch 2, wobei 
35 das genetische Fremdmaterial ein Hormon codiert, 

z.B. ein Fruchtbarkeitregulationshormpn, ein En- 
zym oder ein Arzneimittel. 

5. Verfahren nach einem der vorhergehenden Anspru- 
40 che, wobei die Zellen menschliche Keratinozyten 

sind, . . . .-. . ; . .; . . i ■;. r , 

6. Verfahren nach einem der r An.spruche 3, 4 ; und 5, 
wobei, die genetisches.Fremdmaterial exprimieren- 

4$ den Obertragbaren Epithelzellen zusatzlich ein ge- 
netisches Material umfassen, das zumindest einen 
dominanten selektierbaren Marker. codiert, z.B. ein 
Gen, das Antibiotikaresistenz codiert. , 

so 7. Verfahren nach Anspruch 1 , bei dem die geneti- 
sches Fremdmaterial exprimierenden Obertragba- 
ren Epithelzellen ubertragbare Keratinozyten sind, 
die normaierweise ; nicht jn biologisch signifikanten 
Konzentratipnen jn Keratinozyten gebildeta Poly- 
peptide; codierende Fremdgene und ein Neo-Gen 
exprimieren, wobei das Neo-Gen ein vom Transpo- 
son Tn5 abgeleitetes Bakteriengen ist. 
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8. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei das genetische Fremdmaterial in die 
Zellen in einem Retrovirusvektor inkorporiert ist. 

9. Verfahren-nach Anspruch 1, bei dem die geneti- 
sches Fremdmaterial exprimierenden Gb'ertragba- 
ren Epithelzelleri ubertragbare Keratihozyten mit ei- 
nem in diesen inkbrporierten rekorhbinahteh am- 1 
photropen Retrovirus mit einem rekombinantenGe- 
nom sind, bestehend aus 

a) langen terminalen Wiederholungssequen- 
zen, wobei die tRNA-Bindungsstelle und die 
Psi-Packungsstelle von einem amphotropen 
Moloney-Mauseleukamievirus abgeleitet sind, 

b) genetisches Material, das zumindest einen 
selektierbaren Marker, zum Beispiel einen do- 
minanten selektierbaren Marker, z.B. eiri Neo- 
Gen, codiert, und 

c) genetischem Fremdmaterial, das zum Bei- 
spiel menschliches Wachstumshormon co- 
diert. 

10. Verfahren zur Herstellung ubertragbarer Keratino- 
zyten, die genetisches Fremdmaterial und geneti- 
sches Material exprimieren, das zumindest einen 
dominanten selektierbaren Marker codiert, darin 
bestehend, da I3 

a) eine Kultur von Keratinozyten und Fib rd- 
blastzellen gebildet wird, die so behandelt sind, 
daG ihre Vermehrungverhindert wird, wobei die 
Fibroblastzellen einen infektiosen rekombinan- 
ten Retrovirus mit einem rekdmbihanten Ge- 
nom produzieren, ' das aus- ; genetischem 
Fremdmaterial besteht, "und ' ■ ! 

b) die Kultur unter ein Zellwachstum begunsti- 
genden Bedingungen gehalten wird, wobei Ke- 
ratinozytkolonieh gebildet werden. 

11. Verfahren nach Anspruch 10, bei dem das geneti- 
sche Fremdmaterial ein Hormon, ein Enzym oder 
ein Arzneimittel codiert, das normalerweise nicht in 
Keratinozyten in biologisch signifikanteri Konzen- 
trationen exprimiert wird. 

12. Verfahren nach Anspruch 11, bei dem das rekom- 
binante Genom zusatzllch genetisches Material 
umfaGt, das zumindest einen dominanten selektier- 
baren Marker codiert. 

13. Verfahren nach Anspruch 12, bei dem die Fibro- 
blastzellen aus'ATCC CRL8S59 mit dem darin in- 
korporiert en Neo-Gen und dem das menschliche 
Wachstumshormon codierenden Geh bestehen. 

14. Verfahren nach Anspruch 1, bei dem die geneti- 
sches Fremdmaterial exprimierenden ubertragba- 



ren Epithelzellen die Keratinozyten von ATCC 
CRL8858sind. 

15. Verfahren zum Herstellen Qbertragbarer Schichten 
5 von Epithelzellen, gebildet von genetisches Fremd- 
material exprimierenden' Keratinozyten, darin be- 
stehend, daf3 • ! t • * f 

a) genetisches' Fremdmaterial in Keratinozyten 
10 eingefuhrt wird und ' 1 

b) die Keratinozyten zur Herstellung Qbertrag- 
barer Schichten gezuchtet werden. 

16. Verfahren zum Herstellen ubertragbarer Schichten 
is aus Keratingewebe, gebildet aus genetisches 

Fremdmaterial exprimierenden Keratinozyten, wo- 
bei das Verfahren darin besteht, daft 

a) Keratinozyten und f Or eine Verhinderung ih- 
so rer Vermehrung behandelte Fibroblastzellen in 

einem ZuchtungsgefaB gezuchtet werden, wo- 
bei die Fibroblastzellen ein infektioses rekom- 
binantes Virus mit einem rekombinanten Ge- 
nom produzieren, das von genetischem 
25 Fremdmaterial gebildet ist, 

b) die Kultur unter ein Zellwachstum begOnsti- 
genden Bedingungen gehalten wird, wobei ei- 
ne Schicht aus keratinem Gewebe auf einer 
Oberflache des GefaBes gebildet wird, und 

30 c) die Schicht aus keratinem Gewebe von der 

Oberflache des GefaBes entfemt wird. 

17. Verfahren nach Anspruch 16, bei dem das rekom- 
binante Genom zusatzllch genetisches Material 

35 umfaBt, das zumindest einen dominanten selektier- 
baren Marker codiert. 

1 8. Verfahren nach Anspruch 1 6 Oder Anspruch 1 7, bei 
dem die Schicht aus keratinem Gewebe mit einer 

40 neutralen Protease unter Bedingungen fur eine en- 
zymatische Abiosiing der Schicht von der Oberfla- 
che des GefaBes in Beruhrung gebracht wird. 

19. Verfahren nach Anspruch 4, bei dem die ubertrag- 
^5 baren Zellen Schichtform aufweisen. 

20. Verfahren nach Anspruch 1 9, bei dem die ubertrag- 
baren Zellen ubertragbare Keratinozyten mit einem 
inkorporierten rekombinanten Retrovirus mit einem 

50 rekombinanten Genom sind, bestehend aus 

a) dem das Hormon, das Enzym oder das Arz- 
neimittel codierenden genetischen 1 Material, 

b) den langen terminalen Wiederholungsse- 
55 quehzen, der tRNA-Bindungsstelle 1 und der 

Psl-PackuhgsstelleVabgeleitet von einem am- 
photropen Retrovirus, und 
cj zumindest einem Promotor eukaryotischen 
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Ursprungs. 

21. Verfahren nach Anspruch 20, bei dem 

a) das rekombinante Genom zusatzlich von ei- 
n em P romotor e u karyotischen U rspru ngs ge- 
bildet ist, der von einem au3eren.Signal mpdu- 
liert werden kann, oder ' ir , , 

b) das rekoirribjnante Genom vpn.QQ- 
netischem MatGria^gejbildet.ist, das.zumindest 
einen dominanten selektierbaren Marker, co- 
diert, z.B. ein Antibioti tares istenz codierendes 
Gen oder ein Gen, das einen genetischen De- 
fekt in der Wirtspezies komplementiert. 

22. Verwendung von Keratinozyten, die ein Horizon, 
ein Enzym oder ein Arzneimittel codierendes gene- 
tisches Fremdmaterial exprimieren, zur Herstellung 
einer Schicht der Keratinozyten fQr eine Transplan- 
tation aut den Korper zur Schaffurig eines Lielersy- 
stemsfurdas Hormon, das Enzym oder das Arznei- 
mittel. 



Revendications 



Revendications pour lea Etats contractants 
suivants : BE, CH, DE, FR, GB, IT, LU, NL, SE 

1. Cellules epitheiiales transplantables exprjmant un 
materiel g6n6tique Stranger recom to qui n'est 
normalement pas exprim§ : par les cellules a des ni- 
veaux bfoioglquement significatifs destinees, k Stre 
utiliseesenth6rapie ( p.ex. en th^rapiede transplan- 
tation. 



2. 



3. 



Cellules transplantables selon la revendication 1, 
ces cellules etant des keratinocytes. 

Cellules transplantgblesselon la reyendipation 1,pu 
2, le materiel g6n etique etranger etant de J' AD N ou 
de TARN qui n'apparaTt pas naturellement dans les 
cellules; oude I'ADN ou.de J'ARN qui apparaTt na- 
turellement dans les cellules rnais n'est, normale- 
ment pas exprime dans celles-ci k des niveaux qui 
sont biologiquement significatits. 



4. 



Cellules transplantables selon la revendication 1 ou 
2, le materiel gen etique etranger codant pour une 
hormone, par exemple une hprmqne.de regulation 
de la fecondit§,,pour une : enzyme ou pour une dro- , 

gUe. , • . V., . " \ " . 

Cellules . transplantables selon rune, quelconque 
des revendications 1 a 4, ces cellules 6tant des ke- 
ratinocytes humains. 



7. 
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9. 
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Cellules transplantables selon I'une quelconque 
des revendications 3 a 5, comprenant en outre un 
materiel genetique qui code,pour au moins unrriar- 
queur selectionnable dominant, par exemple un ge- 
ne codant pour la resistance aux antibiotiques. 

Kdratinopytes tr^splantabjes diestinSes^ dtre uti- 
Iis6ejs en th>rap^e, p.ex. thdr^&da trweptantetlon 
et exprimanjLq?8.g$ cp r 
dant pour des polypeptides hon produits normale- 
ment a des niveaux biologiquement significatits 
dans des keratinocytes et pour un n6o-gene, ce 
neo-gene etant un gene bact6rien derive du trans- 
poson Tn5. 

Cellules transplantables selon I'une quelconque 
des revendications 1 a 7, le materiel g6netique 
etranger etant incorpore dans les cellules dans un 
vecteur retroviral. 

Keratinocytes transplantables dans lesquels est in- 
corpore un retrovirus .amphptrope recombinant 
ayant un genome recombinant constitue par: 

a) de tongues, sequences r6p6titives tenrnina- 
t les, le site de . liaison d'^RNt et.ie site de.com- 
pactage de Psi, derives'* de virus, amphptrope 
de la leucemie murine de Maloney; b) un ma* 
t^riel,gen6tique ( ccKjlant pour au moins un mar- 
queur selectionnable, par. example pour un 
marqueur seiectionng^le dominant, par exem- 
ple un neocene;.. . Z ■ .. .V 
cj un .materiej ^ genetique stranger, par exemple 
codant pour une hormone de ^rpissance hu- 
maine. , . - 



1 0. Precede de preparation de keratinocytes transplan- 
tables qui expriment un materiel g6netique etranger 
et un materiel genetique codant f ppur au moins un 
marqueur selectionnable dominant', comprenant les 
operations consistant 

a) Mormer une culture de keratinocytes. et de 
celluies fibrpblastes traitees, pour empecher 
leur multiplication, les cellules fibroblastes pro- 
duisant un retrovirus recombinant infectieux 
ayant un genome recombinant constitue par un 
materiel gepetique etranger; et .. . , 
. b) k maintenir jadite culture dans des conditions 
cpndujsant.au deyeloppement des cellules, de 
maniere k former des colonies de keratinocy- 
tes. * 
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Precede selon \a reyendicatipn. 10, dans lequel le 
mate riel genetique, etranger code pour une hormo- 
ne, une gnzyme pu. une drogue rion exprimee nor- 
malement dans des keratinocytes k des niveaux 
biologiquement significatits. 
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12. Precede selon la revendication 11, dans lequol le 
genome recombinant comprend en outre uh mate- 
riel gehetique codant pour au moins un marqueur 
selectionnable dominant. 

13. Precede selon la revendication 12, dans lequel les 
cellules fibroblastes sont des cellules' ATCC 
CRL8859 dans'lesquelieiB sont incbrpor^s le heo- 
gene et le gene codant pour I'hormorie cle croissan- 
ce humaine." 4 ' * ' * : : 

14. Keratinocytes d'ATCC CRL8858 en culture. 

15. Precede de preparation de feuilles transplantables 
de cellules epitheliales, compos6es de keratinocy- 
tes exprimant un materiel genetique stranger, com- 
prenant les operations consistant: 

a) a introduce un materiel genetique etranger 
dans des keratinocytes. et 

b) a cultiver lesdits keratinocytes pour preparer 
des feuilles transplantables. 

16. Precede de preparation de feuilles transplantables 
detissu keratin ique constitue par des keratinocytes 
exprimant un materiel genetique etranger, corhpre- 
nant les operations consistant: 

a) cultiver des keratinocytes et des cellules fi- 
broblasts traitees pour empScherieur multipli- 
cation dans un recipient de culture, les cellules 
fibroblastes produisant un virus recombinant 
infectieux ayarit un genome constitue par un 
mat6rieTgenetique'etranger; : 

b) a maintenir ladite culture dans des conditions 
conduisant au deVeloppement des cellules, de 
sorte qu'une feuille de tissu keratin ique soit for- 
m6e sur une surface du recipient; et 

c) a retirer ladite feuille de tissu k6ratinique de 
la surface du recipient. 

17. Precede selon la revendication 16, dans lequel le 
genome recombinant comprend ea outre un mate- 
riel g'en6tique codant pour au moins un marqueur 
selectionnable dominant. 

18. Precede selon la revendication 16 ou 17, dans le- 
quel ladite feuille de tissu keratinique est mise en 
contact avec une protease neutre dans des condi- 
tions suffisantes pour la separation enzymatique de 
la feuille d'avec la surface du recipient. ' ' 

19. Cellules transplantables selon la revendication 4 
sous forme defeuille, destinees a etre utilisees par 
greffage au corps pour cbhstituer uri systeme dis- 
pensateur de rhorWidne; de 1'enzyme bu de la dro- 
gue. 



20. Cellules transplantables sous forme de feuille selon 
la revendication 19, dans lesquelles est incorpore 
un retrovirus recombinant ayant un genome recom- 
binant constitue par: 

5 '' Tt; ' ' ' : '■ : ■ ■ '"' :V 

a) le materiel genetique codant pour ('hormone, 
Pen zyme 6u la drogue; 

b) les longues 66quences rVp6titiyes termina- 
tes, le sitede liaison d'ARNt et le site de corn- 
to pactage ce Psi derives de retrovirus amphotro- 

c) au moins un promoteur d'origine eucaryoti- 
que. 

*5 21. Feuille transplantable selon la revendication 20 
sans laquelle: 

a) le g6nome recombinant est constitue en 
outre par un promoteur d'origine eucaryotique 

^° qui peut etre module par uh indicateur ext6- 

rieur; ou 

b) le genome recombinant est constitue en 
outre par un materiel genetique codant pour au 
moins un marqueur selectionnable dominant, 

25 par exemple un gene codant pour une resistan- 

ce aux antibiotiques ou un gene qui comple- 
ments un d6faut a,en6tique dans I'espece h6te. 

22. Utilisation de keratinocytes exprimant une matidre 
30 genetique etrangere codant pour une hormone, une 
enzyme ou une drogue; pour la p reparation d'une 
feuille desdits keratinocytes utilisable par 'greffage 
au corps pour cbhstituer un systeme dispensateur 
de I'hormbhei de Tenzyme ou de la r drogue. 
35 r: ' ; ' "° ■ '■■ •' ■' " 

Revendlcatlons pour I'Etat contractant sulvant : AT 

1. Precede de preparation de cellules epitheliales 
40 transplantables exprimant un materiel genetique 

etranger qui n'est riormalement pas exprime par les 
cellules a des niveauxbtoiogiquement signrficatrfs. 
cornprehant I'operatibn cdnsistarit a inf ecter les cel- 
lules avec un virus dans lequel il y a un genome 
4S recombinant ayant le materiel g6n6tique etranger. 

2. Proc6d6 selon la. revendication 1, dans lequel les 
cellules transplantables sont des keratinocytes. 

so 3. Precede selon la revendication 1 ou 2, dans lequel 
le materiel gehetique etranger est de I'ADN ou de 
TARN qui n'apparaTt pas natural lement ciaris les cel- 
lules; ou de I'ADN ou de TARN qui apparatt natu Tel- 
le ment dans les cellules mais n'est normalement 

55 pas exprime daris celles-ci a des niveaux qui sbht 
biologiquemeht sighificatifs. '-^ ' :! ■ v ° v: 

4. Precede selon la revendication 1 ou 2, dans lequel 
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:le materielrgen^ 
laiicondi^^ 



5: Preceded 



. , JaurimuItiplicatron^le&cQllules fibroblastesorc- 
- :duisant-^ 
ayantr un.gfinpiTto 7 




6. Roc6de~se^ 
3 a 5, dans lequel les cellules epithelia|es transplan- 10 
tables exp'rimani" le" materiel genet ique etfahger ""' 
comprennent en outre un materiel genetique qui co- 
de pour au moins un marqueur selectionnable do- 
minant, par exemple un gene codant pour la resis- 
tance aux antibiotiques. f£ 

7. Procede selon la revendication 1, dans lequel les- 
dites cellules epitheliales transplantables expri- 
mant le materiel genetique etranger sont des kera- 
tinocytes transplantables 'exprimant des genes 20 
Strangers codant pour des polypeptides non pro- 
duits nomnalement a des niveaux biologiquement 
significatifs dans des keratinocytes et pour un neo- 
gene, ce neo-gene etant un gene bacterien derive 

du transposon Tn5. 25 



8. Precede selon I'une quelconque des revendications 
1 a 7, dans lequel le materiel genetique etranger est 
incorpore dans les cellules dans un vecteur retrovi- 
ral. 

9. Precede selon la revendication 1 , dans lequel les- 
dites cellules epitheliales transplantables expri- 
mant le materiel genetique etranger sont des kera- 
tinocytes transplantables dans lesquels est incor- 
pore un retrovirus amphotrope recombinant ayant 
un genome recombinant constotue par 

a) de longues sequences repetitives termina- 
tes, le site de liaison d'ARNt et le site de com- 
pactage de Psi, derives de virus amphotrope 
de la leucemie murine de Maloney; 

b) un materiel genetique codant pour au moins 
un marqueur selectionnable, par exemple pour 
un marqueur selectionnable dominant, par 
exemple un neo-gene; 

c) un materiel genetique etranger, par exemple 
codant pour une hormone de croissance hu- 
maine. 

10. Precede de preparation de keratinocytes transplan- 
tables qui expriment un materiel genetique etranger 
et un materiel genetique codant pour au moins un 
marqueur selectionnable dominant, comprenant les 
operations consistant 

a) a former une culture de keratinocytes et de 
cellules ftbroblastes traitees pour empdeher 
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11. Precede selon la, revendication i 10, dans. lequel le 

" materjerg6rii9tiq~^ ~~ 
ne, une enzyme ou une f drogue non exprimee nqr- 
malement dans des , keratinocytes a ,des niveaux 
biologiquement significatifs. 

12. Precede selon la revendication 11,, dans lequel le 
genome recombinant comprend en outre un mate- 
riel genetique codant pour au moins un marqueur 
selectionnable dominant. 

13. Precede selon la revendication 12, dans lequel les 
cellules fibroblastes sont des cellules ATCC 
CRL8859 dans lesc-uelles sont incqrpor6s le neo- 
gene etle g6ne codant pour rhorrnpne.de croissan- 
ce humaine. ,., , 

14. Precede selon la revendication 1, dans lequel les 
cellules epitheliales transplantables exprimant un 
materiel genetique etranger sont les keratinocytes 
d7VTCC r CRL8858.-.. . 

1 5. Precede ,de preparation de, f euilles transplantables 
de cellules epitheliales, composeesde k6ratinccy- 
tes exprin^ntun materiel genetique, etranger, com- 
prenant les operations consistant: 

a) &j jntrpdu ire un , materiel gepetiq ue etranger 
dans des ; i keratinop ....... 

. b) k cu|tiyer.lesdits keratinocytes pour preparer 
desfeuilles.trans^ v 

16. Procede de preparation de f euilles transplantables 
de tissu keratinique con stitu6 par des keratinocytes 
exprimant un.rriateriel genetique.etranger, compre- 
nant les operations consistent;. 

a) cujtiver des keratinocytes, et des cellules fi- 
broblastes traitees pour empdeher leur multipli- 
cation dans un recipient de culture, les cellules 
fibroblastes produisant un virus recombinant 
infectieux ayant un genome const hue par un 
materiel g6n6tique etranger; 

b) a maintenir ladite culture dans des conditions 
conduisaht au devejoppement des cellules, de 

■ sorte qu'unefeuillede tissu. keratinique soitfor- 
m6e sur une surface du recipient; et 

c) a retirer iadite feuiile de tissu keratinique de 
la surface du recipient. 
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cellules transplantables sont sous forme de feuille. 



20. Proc6d6 selon la revendication 19, dans lequel les 1$ 
cellules transplantables sont des keVatinocytes 
transplantables dans lesquels est incorpor^ un re- 
trovirus recombinant ayant un genome recombinant 
constitue" par: 

so 

a) le materiel gSnetique codant pour rhormone, 
('enzyme ou la drogue; 

b) les longues sequences r6p6titives termina- 
les, le site de liaison d'ARNt et le site de corri- 
pactage de Psi derives de retrovirus amphotrb- 25 
pe; et 

c) au moins un promote ur d'origine eucarybti- 
que. •' 

21. Proc6d6 selon la revendication 20,* dans iequel: r 30 

a) le g6nome recombinant est constitue* ; en 
outre par Lin prbmoteur d'origine eucaryotique 
qui peut etre modute par un iridicateur exte- 
rieur; ou ' ' : 35 

b) le genome recombinant est constitud en 
outre par un materiel g6n6tique cbdaht pour au 
moins un marqueur s6lectibnnable dominant, 
par exemple un gene codant pour la resistance 
aux antibiotiques ou un gene qui cbmplemente 40 
un dSfaut geYi6tique dans I'espece hdte. 

22. Utilisation de k6ratinocytes exprimant une matiere 
g6n6tique Grange re cbdaht pour une hormone! une 
enzyme ou une drogue, pour la preparation d'une 
feuille desdits ke>atinocytes utiiisable par greffage 
au corps pour constituer un systeme dispensateur 
de rhormone, de I'enzymeou de la drogue. 

50 
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TREAT Psi am CELLS TO 1 
RENDER THEM UNABLE TO 
OIVIDE BUT ABLE TO PRODUCE 
INFECTIOUS VIRUS. 



DISAGGREGATE INTO 
KERATINOCYTES 



NIH 3T3-DERIVED CELL 
LINE HAVING G4I8 
RESISTANCE BUT NO 
CAPABILITY TO PRODUCE 
INFECTIOUS VIRUS 



COCULTIVATE TREATED Psi am 
CELLS AND KERATINOCYTES 



MAINTAIN UNDER CONDITIONS 
CONDUCIVE TO FORMATION OF 
KERATINOCYTE COLONIES 



ALLOW KERATINOCYTES 
COLONIES TO GROW TO 
CONFLUENCE 
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